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Modeling

What is the purpose of the
model?

What data to use?

What are the existing/alternative
approaches?

What Is the scope of the model?
Mathematical details?
What is the basis of prediction?



Modeling

 What is the purpose of the model?

— To elucidate active Nitric Oxide (NO)
response networks in E. coli



E. coli, Nitric Oxide, and Septic Shock

NO is a mammalian signaling molecule

- vasodilator

- heurotransmitter 4 |2\

- smooth muscle relaxant VY . T

- immune response
Septic shock

NO = vasodilation = hypotension =g Ordan
4 production failure

- average patient cost $50,000 m \
- 10%™ |leading cause of death (2000) i
- urinary tract (UTI) major infection source AN

septicshck_com - E. coli accounts for ~90% of UTlIs
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- NO consumption increases

in the presence of E. coll DeaNO inhibits growth for a

period longer than the NO lifetime

What causes the growth inhibition?

DeaNO = diethylamine NONOate
t,,, (37°C, pH 7.4) =2 min



Modeling

e What data to use?
— Microarray



E-100~150um

5mm




Microarray Data
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What do we learn from these data?



Modeling

 What are the existing/alternative
approaches?

— ad hoc analysis, clustering...



Traditional Microarray Analysis

Looks at One Gene at a Time

in WT in AiscR in AarcA
Gene Name Fold Change Gene Name Fold Change Gene Name Fold Change
carA -4.76 b0725 -3.16 carA -10.22
sdhA -4.72 sdhA -3.04 CVPA -3.76
sdhC -4.72 sucB -2.79 metF -3.28
sdhB -3.91 sdhC -2.69 yeeF -3.19
ndk -3.72 sdhD -2.19 purM -2.96
sdhD -3.46 nadD -2.17 mpA -2.81
argC -3.03 SUCA -2.09 ndk -2.80
metF -3.03 fdol -1.96 purH -2.71
yeeF -2.90 sdhB -1.90 pyrD -2.66
b0725 -2.89 2984 186 codB -2.52
iscU 3.13 vigV 1.79 IscS 3.50
iscS 3.15 cydA 1.89 yhiO 3.95
iscR 3.93 ompT 198 iscR 4.08
cydB 4.34 cydB 557 ive 4.20
b1797 4.95 b1797 3.05 b0939 5.62
cydA 5.48 oppA 329 b1797 5.91



Cluster Analysis
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Modeling

 What is the scope of the model?

— MRNA, transcription factors, degradation
factors...



Modeling

 What is the scope of the model?

— MRNA, transcription factors, degradation
factors...

 What data to use?
— Microarray transcriptome data



Characteristics of Transcription

Networks

o Trascription factors regulate transcription



Characteristics of Transcription

Networks

o Trascription factors regulate transcription

e Transcription factors are regulated post-
transcriptionally



Transcription Factor Activity

(TFA)

: . Active
nactive (DNA binding)
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&
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CRP induction mechanism

CRP (cAMP Receptor Protein)

cAMP

RNA
Polymerase

Inactive

Active




Characteristics of Transcription

Networks

o Trascription factors regulate transcription

« Transcription factors are regulated post-
transcriptionally

e Active transcription factors bind to
transcription complex.
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Characteristics of Transcription

Networks

o Trascription factors regulate transcription

« Transcription factors are regulated post-
transcriptionally

e Active transcription factor binds to
transcription complex.

o Effect of binding is gene-dependent
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Characteristics of Transcription

Networks

o Trascription factors regulate transcription

« Transcription factors are regulated post-
transcriptionally

e Active transcription factor binds to
transcription complex.

« Effect of binding Is gene-dependent
e Binding Is condition-dependent
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Characteristics of Transcription

Networks

o Trascription factors regulate transcription

e Transcription factors are regulated post-
transcriptionally

e Active transcription factor binds to
transcription complex.

o Effect of binding Is gene-dependent

e Binding Is condition-dependent

* A power-law model: not perfect for any
gene but roughly good for all genes




Network Component Analysis (NCA)

—ormulation of a mathematical model

dlg]
dtl = Vsynth&is _Vdegradation
_ %Gk rAl ~ Quasi-SS
_HTFAJ K9] =0 assumption
dTFA

L= F, (g(t), m(t),0)

dt



Determination of

Transcription Factor Activity

d[m;NA] ~T]TFA kd,[mRNA] ~
[MRNA (t)] -T1 TFA, ® )
[MRNA (0)] TFA, (0)
[MRNA (t)] TFA; (1)
g[[mRNA(O)]] Zj:aijl Q(TFA (0)] =20 log(ATFA, (1))
. N - _ ~ J
Microarray data ATFA

[El=[A][P]+ T
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A Mathematical problem.

[E]1=[A][P]+T
* The matrix decomposition is non-unique.

[E]= ([A]X) (X*[PD+T

*Unless it is properly constrained.



Principal Component Analysis
(PCA or SVD)

- Explains major variations in data
+ Useful for visualization and classification
* No mechanistic insight
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Modeling

« Mathematical details?



Network connectivity provides

constraints

[El=[A][P]+ T

Constraints: Gifo * 0 * 0 *|
0 * 0 * O

for a;eZ, 0 0 * * O

* * O O *

* 0 * 0 0




Network Component Analysis

[Elnov =LA [P Lm st. S €Za
P; € Zp

1. Each column of A has at least L-1 zeros

2. The non-zero members of a column should not
be a subset of others.

3. The sub-matrix P involved in each gene has
full row rank.

then, the decomposition is unique up to
a scaling matrix.



NCA forms a bi-linear optimization problem

E=AP + 1T

min||E- AP|
AP

st Ae ZA 4 Connectivity
constraints
P e ZP <+ Regulatory

constraints



Network Component Analysis

e Biological model
— Gives biological significance and limitation
 |dentifiability criteria

— Yield mathematical constraints need to be
satisfied

o Connectivity theorems
— Generate insight into connectivity density



g NCA schematics
Connectivity




/) The NCA Toolbox
File Metwork Seleckion  MCA Runkime Opkions  Plob Analvze TRAs  Help

Step 1: Choose Organism 1o Analyze or Select Spectra Analy=sis to Analy=e Signal Data

Sirt a New NCA Arlysis

Load Connectivity Matrix

Network Component Analysis

Load Microarray Data

UGS | Match Microarray Data to Connectivity

Advanced NGA Oplions

Select B egulzatory Meteorls

B Transpose Microarray (Signal) Data Matrix

Step 6
{optional} Set TF Constraints if gNCA is used

Bl MCA with Regularization (stabilizes solufion but may take longer

SED & Fun NCA

Step 8

Imvert TF & Profiles to Match Known Regulations




Modeling

 What is the basis of prediction?



Basis for Prediction

‘ranscriptome data (MRNA abundance)
Transscription connectivity
Power-law model

!

Active transcription factors
Active networks




Statistical Significance of TFA

O Constructing null distribution of TFA by random networks
v Expression data: randomly sampling from genenome

Numbers

v Connectivity: the same with reported network

Null distribution of E2F TFA in
Akt-Tg after inducing 12hrs

40

37

30

Reported |
Network |

2

Log,(TFA)

Null distribution of MYBL2 TFA
in Pten-null prostate at PIN state

34

30

251

20r

15+

Reported

T Networ

Numbers
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Goal_. |dentify TFs Y I/A I J:’ﬁ

which mediate
NO response

transcriptional l )
perturbations '

| n—

use DNA microarray to measure network behavior

4\

AcrR Ada ArcA ArgR ArsR AsnC AtoC Betl BirA CadC Cbl
CpxR Crp CspA CsrA CynR CysB DcuR EmrR ExuR FadR Fecl
FhIA Fis FIhDC FliA Fnr FruR Fur GatR HcaR HipB his
HNS IciR Idhi IHE e JlVY IscH KdpE lexalell  |Lip
LysR MalT MaoB Metd MetR MhpR Mic ModE NadR NagC NarL

NorR NsrR OxyR PhoB phe PurR RcaSB RhaSR Rob RpiR RpoE
i-SF

RpoH RpoN RpoS RtcR SoxR trp TyrR XapR XylR YjbK| SF



____Chemogenomic Approach |

Chemo- transcriptome
Analysis \\LC A
potential RNOS response

reactome regulators
active phenotype
chemistry analysis

~

NO sensors, defense, targets
metabolic response
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ArgR NCA-derived

CRP TF activity change

FIS
FIhDC .
. Increased Activity

GatR

Hns . Decreased Activity

vy

IscR TF deletion confirming

Lrp expected null activity
Met)

TF deletion confirming
] Meth expected activity (decreased)
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____Chemogenomic Approach

Chemo- transcriptome
Analysis \\LC A
potential RNOS response

reactome regulators
active phenotype
chemistry analysis

~

NO sensors, defense, targets
metabolic response




Combination of Active TFs and Reactome

Identifies chemistry involved.

A) Potential
RNOS Targets 19 Potential
RNOS-Sensitive TFs
417 Putative 200TFs B) -
Reactive Thiols ( OxyR )

i

13 NO Sensitiw

O
i—mi\ﬂ
/ i
|

ONOO

3 Metal-Containing
MNO-Perturbed TFs

Direct NO-metal interaction is the chemistry involved,




NO defense norvw

NO sensors

ISCRSUA

hmpA
4
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NO targets > = \\, | cyoB | | cydA
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@ — arg biosynthesis

metabolic response



Fe-S Proteins in AA Synthesis

protein microarray
annotation/ \NCA

: ArcA ArgR Crp GatR HNS
potential RNOS |,y |scR  leu MetJ

reactome NorR NsrR PurR SF
b—// phenotype
146 active analysis
chemlstry NorR NsrR
Fe-S proteins IscR BCAA/met
in AA synthesis

llvD - BCAA  Cysl - cysteine
LeuC - leucine GItBD - glutamate
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" lIvD In vitro
e
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NO defense norvw

NO sensors

ISCRSUA

hmpA

3
NO ~
_—1 cyoB cydA
Le

NO targets }u\m}\‘u c> \'./ M

BCAA poo
o @ —» met biosynthesis

7trmgent response_
@ —» arg biosynthesis
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ilvC
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